Ultrasound-assisted headspace solid-phase microextraction (UA-HS-SPME) and hydrodistillation (HD) methods, coupled to gas chromatography-mass spectrometry (GC-MS), were used for the extraction and analysis of volatile compounds from Hypericum perforatum and Hypericum scabrum collected from two different sites in Iran. In the UA-HS-SPME method, various experimental parameters such as the type of fiber coating, sonication time, extraction time, extraction temperature and desorption time were investigated. The highest extraction efficiency was achieved by a 100-µm polydimethylsiloxane (PDMS) fiber. Consequently, 36 compounds were identified in H. perforatum and H. scabrum samples, using the UA-HS-SPME-GC-MS method, of which 14 were the same in both species. On the other hand, 57 compounds of these species were identified by the HD-GC-MS method, of which 21 were the same. The predominant constituents identified using the UA-HS-SPME method in H. perforatum included β-caryophyllene, α-pinene, γ-cadinene, α-selinene, germacrene-D, limonene and myrcene, and in H. scabrum were α-pinene, nonane, β-pinene and limonene. The common constituents identified by the HD-GC-MS method for H. perforatum involved germacrene-D, limonene, β-caryophyllene, α-pinene, β-pinene and germacrene-B, and for H. scabrum were α-pinene, β-pinene, germacrene-D, nonane, limonene and γ-cadinene. The results about the main constituents of the examined species correspond to the findings of other researchers. Additionally, comparing UA-HS-SPME-GC-MS and HD-GC-MS methods showed that the UA-HS-SPME-GC-MS method is much faster and simpler, and it requires much less sample size and lower temperature.
Introduction
Hypericum L. belongs to Hypericaceae (Guttiferae) family. The genus Hypericum is represented by 350 species distributed throughout the world (1). The species of the genus Hypericum are medicinal plants, also known as healing herbs, which have usually been used for the treatment of skin wounds, burns, eczema, depression, inflammations, respiratory infection and other diseases (2) (3) (4) . Approximately, there are 17 native species of Hypericum in different regions of Iran. Hypericum perforatum and Hypericum scabrum are the two major species that grow in Iran. The chemical compositions of H. perforatum and H. scabrum oils, produced from these two species grown in different parts of the world, have also been reported (5-7). Hypericum perforatum, commonly named St. John's wort and cultivated in the western world, has wide applications, including treatment of mild to moderate depression and antioxidant, anti-viral and anti-inflammatory properties (8) (9) (10) (11) (12) . The chemical composition of H. perforatum oil, studied in some literature, indicated that the oil's content and constituents strongly depend on the origin and agronomic environment (13).
Hypericum scabrum L. is a perennial herb that widely grows in different provinces of Iran such as Lorestan, Kordistan, Tehran, Fars, Mazandaran and Azarbaijan (5). The essential oil of H. scabrum has exhibited various antimicrobial activities and can be used to treat different infections (14) . The essential oils of Hypericum species growing in different regions of the world have been analyzed by gas chromatography-mass spectrometry (GC-MS) (15-17).
Hydrodistillation (HD) has traditionally been used to extract essential oils from plant materials. To access the absolute mass percentage of the identified compounds, essential oils were analyzed by HD after the extraction. In HD methods, essential oils undergo chemical alterations, and heat-sensitive compounds may be easily degraded. Therefore, the quality of essential oil extracts may be severely damaged (18-20) .
One of the methods that can be used to overcome these disadvantages is solid-phase microextraction (SPME). SPME is a solvent-free sample preparation technique that allows simultaneous sampling, extraction, pre-concentration and introduction of analytes into the injector of a gas chromatograph for thermal desorption and analysis in a single step. It has attracted increasing attention in the field of environmental and food analyses for its efficiency, simplicity, good precision, low detection limit and ease of automation. Although SPME was firstly introduced for sampling from liquids, it is often more effective and appropriate when used for sampling from the headspace of solid matrices. In headspace SPME (HS-SPME), a fiber is exposed to the vapor phase above a gaseous, liquid or solid sample. SPME has shown extensive compatibility to extract organic compounds from solid matrices (21-23).
Ultrasound is simply a sound pitched above human hearing for accelerating the extraction processes and an attractive alternative for stirring, agitating and shaking in different extraction modes. Rigidity of the solid matrix diminishes its shaking or stirring in general extraction methods, especially with fragile fibers in SPME extractions. Sonication ensures an intimate contact between the solid matrix and the extractant, and, consequently, good recovery of the analyte can be achieved. The use of ultrasound to create stress in the tissue of the sample matrix, in the extraction methods, is traditionally called ultrasound-assisted (UA) extraction. Therefore, coupling UA to SPME-GC-MS can provide an outstanding and efficient strategy for the extraction and quantification of analytes from solid samples (23) (24) (25) .
The aim of the present study was to evaluate the applicability of UA-HS-SPME-GC-MS and HD-GC-MS approaches for the identification and comparison of major compounds in two Persian species of Hypericum (H. perforatum and H. scabrum).
Experimental

Plant material
The aerial parts of H. perforatum and H. scabrum, used in this study, were collected during their flowering/fructification stages from various locations in the west of Iran (e.g., Sarab-e-Gian Nahavand at an altitude of 1,170 m and Mt. Babahor in Dorood at an altitude of 2,050 m) in June 2007. The voucher specimens (Nos DUF-240 and DUF-250, respectively) are deposited in the Department of Botany affiliated with the Research Institute of Forests and Rangelands in Iran. The aerial parts of the plant were dried in a ventilated oven at 30°C for 10 days and protected from light. A 20 g portion of the dried sample was introduced into a household grinder to provide a coarse powder.
The ground samples were stored in sterile nylon bags and kept in refrigerator until analysis.
Chemicals and reagents
An alkane mixture containing C 8 -C 20 alkanes (40 mg mL −1 in hexane) was purchased from Fluka. All other chemicals of the highest purity available were obtained from Merck or Fluka. Helium, 99.999%, as carrier gas, was purchased from Roham Gas Company (Tehran, Iran). Doubly distilled deionized water was used throughout the experiments.
Instruments and GC-MS operating conditions
The analysis of the essential oils and volatile compounds of the plants was performed using a Shimadzu GC-17A (Kyoto, Japan) instrument equipped with a quadrupole-MS (qMS) QP5050 detector. Separation was performed using a capillary fused silica column (30 m × 0.25 mm i.d., 0.25-μm-thick film of DB5-MS). Sample vials (10, 20 and 40 mL) sealed with polytetrafluoroethylene-coated silicone septa and crimp caps (Supelco, Bellefonte, PA, USA) were used as the extraction vessels. A manual SPME fiber holder equipped with a 100-µm polydimethylsiloxane (PDMS) fiber, provided by Supelco, was used for the HS sampling. The fiber was inserted into the GC injection port for 2 more min after injection to ensure complete analyte transfer from the fiber. After every 10 analyses, a GC run was conducted with the fiber without sampling to remove any residual analytes from the previous samples and prevent the carryover effect. Creating stress in sample matrix tissues was carried out with ultrasonic waves (18 kHz, 450 W) using a PFO100 5RS Series ultrasonicator (Italy), equipped with a water bath to stabilize the temperature of the samples. HD was conducted using a Clevenger-type apparatus (BP, British Pharmacopoeia, 1998) .
For the UA-HS-SPME-GC-MS method, the injector was set at 280°C . The carrier gas (He) was delivered at a flow rate of 0.8 mL min −1 in a splitless mode. The initial column temperature was maintained at 40°C and increased at 10°C min −1 to 80°C. Then, it was increased to 180°C with increments of 2°C min −1 , raised again to 280°C at a rate of 25.0°C min −1 and held constant for 2 min, resulting in a total GC run time of 60 min. The ion source and transfer line temperatures were kept constant at 280°C. The mass fragments were collected in the range of m/z = 35-450 with an acquisition rate of 1,000 to provide a satisfactory number of points per peak for effective spectral resolution. The ionization energy of 70 eV and the detector voltage of 1,700 V were applied for the qMS detector.
For the HD-GC-MS method, the injector temperature was set at 260°C and the helium flow rate was similar to that in the UA-HS-SPME method (0.8 mL min −1 ). The split ratio was 30 : 1. The column temperature was initially set at 40°C and increased to 100°C at a rate of 20°C min −1 . Then, it was increased to 220°C at a rate of 3°C min −1 , increased again to 280°C at a rate of 30.0°C min −1 and remained constant in a final holding time of 2 min, resulting in a total GC run time of 47 min. The ion source and transfer line temperatures were kept constant at 260°C. Other operating conditions of MS were similar to those in the UA-HS-SPME-GC-MS procedure.
UA-HS-SPME-GC-MS procedure
To extract the volatile compounds of the plant samples using SPME fibers, 2.0 g portions of the powdered samples were transferred into a 40-mL vial, 2 mL doubly distilled water was added as the matrix modifier and the vial was vigorously shaken with hand for the homogeneous dispersion of the spiked water. The sample vial was then placed into a sonicator for 15 min incubation time (to equilibrate
